The symptoms of disease become visible in tomato 2-3 weeks after infection and consist of upward curling of leaflet margins, yellowing of young leaves and abortion of flowers. Those leaflets that appear soon after inoculation are cupped down and inwards. Infected plants are severely stunted and resulting in decrease of plant growth and reduced total yield (Sinisterra et al., 2000; Sider et al., 2001; Gafni, 2003 and Crescenzi et al., 2004) .
The morphology of geminivirus particles is unique and they are characterized by twin icosaheaderal capsid approximately 20×30 nm in size encapsidating a single molecule of covalently closed circular single stranded DNA (ssDNA) genomes of 2500 to 3000 bp that replicate in the nuclei of the infected cells via a double stranded DNA (dsDNA) intermediate (Harrison & Robinson, 1999 and Varma & Malathi, 2003) .
Polymerase chain reaction (PCR) using specific or degenerate primers have proved to be a rapid, accurate and efficient method of detecting and determining genetic diversity among geminiviruses (Aref et al., 1994) . Sequencing of PCR fragments has contributed to the classification and phylogeny of geminiviruses (Rojas, 1992) . The DNA genome of geminiviruses can be easily detected by nucleic acid hybridization visualizing geminiviral DNA-labelled digoxigenin probes (Gilbertson et al., 1991) . This paper describes the biological and molecular identification of TYLCV-EG isolate.
Materials and Methods

Source of the virus isolate
Ninety samples of naturally infected tomato (Lycopersicon esculentum cv.Castle rock) plants showing symptoms suspected to TYLCV were collected from El-Behera Governorate. The collected samples were examined for the presence of TYLCV serologically by DAS-ELISA (Clark & Adams, 1977) .
Isolation and propagation of TYLCV
The infected plants which gave positive results with DAS-ELISA were used as a source of the TYLCV under study. The virus isolate was inoculated on healthy tomato cv. Super marmand plants using virus free whiteflies, Bemisia tabaci biotype B. Insect inoculated plants were kept in insect-proof cages under greenhouse conditions at the faculty of Agriculture, Ain Shams University for 3-6 weeks. The new symptoms appeared similar to the original symptoms were examined by dot blot hybridization to confirm the existence of the original virus isolate.
Biological characters
Syringe injection Healthy tomato plants cv. super marmand were inoculated by syringes using infected tomato sap as described previously . The inoculated plants as well as uninoculated ones were kept under greenhouse conditions and symptoms were observed daily up to 60 days. Syringe transmission efficiency was recorded as a number of infected plants / total number of exposed plants.
Insect transmission
Whiteflies Bemisia tabaci biotype B belongs to family Aleroididae were collected from tomato plants grown in open fields and identified by the Department of Plant Protection, Faculty of Agriculture, Ain Shams University. Virus-free whiteflies were used as vectors in transmission experiment and Insect transmission was done as previously described by Ghanem et al., (2001) . The collected insects were caged with healthy Ipomoea batatas (sweet potato) plants and left for two days .The adult insects were killed using selecron as systemic insecticides. These plants were kept in glass cages until the larvae developed. The adults were then transferred to healthy I. batatas. After consecutive transfers, the resulting virus-free insects were used as vectors in transmission experiment. About twenty insects allowed to feed on infected tomato cv. super marmand plants in insect proof cages. After 24 hr acquisition access period, the insect allow to feed for 72 hr on healthy tomato plants then the whiteflies were removed by spraying the tomato plants by 0.5% selecron and left for symptoms development. Insect inoculated plants were observed daily for a period of about 60 days. Insect transmission efficiency was recorded as number of infected plants / total number of inoculated plants.
Host range and symptomatology
Nineteen species and varieties belonging to six families (Solanaceae, Cucurbitaceae, Leguminosae, Chenopodiaceae, Compositae and Graminae) were inoculated with the studied virus isolate under greenhouse conditions. External symptoms were observed for 60 days and confirmed by ELISA and dot blot hybridization assay.
Stability of virus isolate
Thermal Inactivation Point (tested at certain temperatures, started with 40ºC with 5 ºC intervals to 90ºC in water bath for 10 min), Dilution End point (starting from 10 -1 to 10 -10 ) and aging (at room temperature of 25ºC-28 ºC for 10 days) of TYLCV was performed on healthy L. esculentum cv. super marmand by using infectious crude sap obtained from infected tomato plants macerated in phosphate buffer pH 7.2 (1:1w/v). The injected seedlings were kept under greenhouse conditions and observed daily up to 60 days for symptoms development. Stability of TYLCV was recorded as number of infected plants/ total number of inoculated plants.
Morphological characters
Partially purified suspension of TYLCV was prepared according to Black et al. (1963) and examined by electron microscope at the Electron Microscope Unit, National Research Centre, Dokki, using negative staining (2 % Uranyle acetate pH 7.0) technique as described by Noordam (1973) .
Molecular characters
Extraction of viral DNA Genomic DNA was extracted from TYLCV infected L. esculentum plants using cetyl trimethyl ammonium bromide method (CTAB) as described by Gibbs & Mackenize (1997) . Samples were prepared by grinding 50 -100 mg fresh leaf tissue homogenenized in liquid nitrogen to a fine powder and 500 µl of wash buffer was added to the powdered leaves before adding CTAB buffer. The mixture was centrifuged for 5-10min. Supernatant was removed and 600 µl of CTAB buffer was added. The mixture was mixed and incubated at 60°C for 20 min with gentle agitation. After the solution has cooled down, 1volume chloroform:3 isoamylalcohol were added. The tubes were centrifuged at 3,000 rpm for 25 min at 10˚C. The upper aqueous phase was transferred to a fresh tube and re-extracted with 2 ml of 10% CTAB and the mixture was incubated at 65˚C. Chloroform:isoamylalcohol extraction was repeated and the mixture was centrifuged at 3,000 rpm at 10 ˚C for 25min. 2/3 volume isopropanol was added to the upper supernatant phase in a fresh tube. The DNA collected by centrifugation at 10,000 rpm for 20 min. The liquid was drained carefully and the DNA pellets were washed with 70% ethanol and the tubes were centrifuged at 5,000 rpm for 5 min. DNA pellets were dried and re-suspended in 200 µl TE buffer. Four µl RNase A (10mg/ml) was added and incubated at 65˚C for 1 hr. The DNA was precipitated again by adding 0.1 volume 3M sodium acetate and 0.7 volume isopropanol and left overnight at 4˚C. The tubes were centrifuged at maximum speed for 15 min at 4˚C and the DNA pellets were washed with 500µl 70% ethanol, centrifuged for 5 min then air dried and resuspended in 20 µl of dd H 2 O. The nucleic acid was stored at -20˚C.
Oligonucleotide primers
The oligonucleotide primers used to amplify the coat protein gene of TYLCV was commercially obtained from Operon, (Qiagen Company, 1000 Atlantic Avenue, Suite 108. A lameda, CA., 94501). Oligonucleotide degenerate primers were selected according to Brown et al. (2001) . V324 (+) primer corresponding to 5' GCC YAT RTA YAG RAA GCC MAG 3' and C889 (-) primer corresponding to 5' GGR TTD GAR GCA TGH GTA CAT G 3'.
PCR amplification PCR reaction mixture of 2.5 µl (200 ng) of extracted DNA, 10 mM of each dNTPs (0.5 µl), 1 µl of 25 pmole from each amplification primer, 2.5 µl of 10X PCR buffer with 1.5mM MgCl 2 and 0.5 µl Taq DNA polymerase (Roche). The amplification reaction was carried out in a total volume of 25 µl using PCR thermal cycler, UNOII from Biometra and using 0. o C for 7 min was carried out in order to ensure flush ends on the DNA molecules. Finally, the amplification reactions were hold at 4°C. The amplified DNA was electrophoreses on 1 % agarose gel and photographed using gel documentation system from UVP-CCD Camera, Laboratory products, Epichemi, 11 Darkroom, 3 UV Transilluminator, Pharmacia.
Dot blot hybridization assay
Digoxigenin-11-dUTP-labeled DNA probe, corresponding to TYLCV/CPs were prepared by using 10X DNA labeling nucleotide mix (Roche, Boehringer Mannheim, Indianapolis). Digogxigenin-11-dUTP nucleotide mix was incorporated into the PCR cocktail instead of the normal nucleotide mix using the protocol described under the technical bulletin (Roche, Boehringer Mannheim, Indianapolis).
Non-radioactive DNA hybridization was used to TYLCV-DNA in infected plant tissues with typical symptoms of TYLCV and/or without symptoms. The nucleic acid of infected samples was extracted as described by Loebenstein et al. (1997) and 5 µl of each extract was spotted directly on the nitrocellulose membrane. The DNA was fixed on the membranes by ultraviolet (U.V) cross linked for 3 min.
Membrane was subjected to prehybridization, hybridization, and colorimetric detection procedures according to the protocol described by "Genius II DNA labeling and detection kit" (Boehringer Mannheim IN).
Automated DNA sequencing
The resulting PCR product of TYLCV was purified by using GFX column and Gel Band purification kit (Amersham pharmaia Biotech, GmbH, Germany). The TYLCV coat protein genes (~360 bp) were sequenced on one direction using V324 (+) primer. The sequence was carried out using ABI PRISM model 310, version 5.3.1 at gene analysis unit, VACSERA, Cairo, Egypt. Nucleotide sequence analyses were performed using the published nucleotide sequences of TYLCV coat protein genes from Gene Bank.
Results and Discussion
Field inspection and serological detection
Whiteflies-infected tomato plants with TYLCV showed viral symptoms of sever leaf curling, leaf crinkle with marginal yellowing, stem upright, twisted and stunted. All samples gave positive reaction and were susceptible to tomato yellow leaf curl viral infection with different degrees of disease severity. These results indicated that the incidence of TYLCV in governorate was 100%, (Table 1) . These result reported by many investigators (El-Dougdoug et al., 1996; Czosnek & Laterrot, 1997; Sinisterra et al., 2000; Sider et al., 2001; Polston et al., 2002; Gafni, 2003; Crescenzi et al., 2004; Ajlan et al., 2006 and Zambrano et al., 2007) . All samples collected from Nubaria, El-Behera Governorate gave positive reaction and the incidence of TYLCV was 100%. This result indicated that the presence of high population of whiteflies that transmitted TYLCV efficiently resulted in increasing TYLCV infection in open fields. 
Isolation and propagation of virus isolates
TYLCV was isolated and propagated on healthy tomato plants cv.super marmand from the selected ELISA positive tomato samples by whitefly (B. tabaci biotype B) transmission. After 3-5 weeks post infection, typical external symptoms of leaf curling, leaf crinkle with marginal yellowing produced till it gives deformation and stunted plant growth after 5-6 weeks from insect inoculation (Fig. 1) . This result was agreement with other investigation (Abouzid et al., 2002) . High ELISA readings indicated high virus concentration in naturally infected tomato plants. 
Biological characters of virus isolate Mode of transmission
Results in Table 2 showed that both syringe and whitefly inoculation methods transmitted TYLCV from infected tomato plants cv. super marmand to healthy ones but the efficiency of whitefly transmission was higher than the efficiency of syringe injection.
TABLE 2. Mode of transmission of TYLCV .
A/B=Number of infected plants / total number of inoculated plants.
In case of syringe injection, symptoms of leaf crinkle and leaf curling were first developed after 2-4 weeks till it gives marginal yellowing and stunting of tomato plants after 4 weeks while in case of whitefly (B. tabaci biotype B) transmission, leaf curling with marginal yellowing were first developed after 3-5 Allam et al. (1994) and El-Dougdoug & Aref (1996) while , Ioannou (1985) and Credi et al. (1989) reported that first TYLCV symptoms on tomato plants appear 2-4 weeks after inoculation and become fully developed after a period of up to 2 months.
Virus isolate
Host range and symptomology
Results showed that TYLCV isolate infected large number of species from family Solanaceae. In addition, TYLCV infected a few species of family Cucurbitaceae, Fabaceae and Chenopodiaceae. On the other hand, no symptoms were observed on Compositae and Graminae. Table 3 illustrated the different symptoms produced on the different plant species when inoculated with TYLCV by both syringe injection and whitefly (B. tabaci biotype B) transmission. These results are in agreement with that obtained by Abdel Salam (1991b), Allam et al. (1994) and El-Dougdoug & Aref (1996) while, Ioannou (1985) and Credi et al. (1989) reported that first TYLCV symptoms on tomato plants appear 2-4 weeks after inoculation and become fully developed after a period of up to 2 months.
Morphology of virus particles
Electron microscopic examination of partially purified preparation of TYLCV revealed the presence of isometric and pentagonal in shape, with single and paired Gemini virus, (monomers and dimmers) with dimension of 22nm and 20 × 30nm to 24×30 nm, respectively when negatively stained with 2 % Uranyl acetate pH 7.0, (Fig. 2) . These results were similar with that reported in other studies (Abdel-Salam, 1991a; Lazarwaitz, 1992; Argüello-Astorga et al., 1994; El-Dougdoug et al., 1996; Harrison & Robinson, 1999; Varma & Malathi, 2003 and Ajlan et al., 2006) . 
Molecular characterization of virus isolate
TYLCV DNA prepared from infected tomato plants were amplified by PCR using the oligonucleotides V324 (+) and C889 (-) as PCR primers as reported by Brown et al. (2001) . The size of the PCR product of coat protein gene (CP) amplified from infected tomato plants was estimated by comparing its electrophoretic mobility with those of standard DNA ladder as shown in Fig. 3 . The amplified DNAs were in the expected size calculated (~500 bp) from the positions of the primers. The authenticity of the resulting PCR products was verified by direct DNA sequencing after purification of the DNA fragments from agarose gel using rapid and efficient gel purification kit from Amersham Pharmaia Biotech, GmbH, Germany. 
Sequence analysis of TYLCV/CP genes
A multiple sequence alignment of TYLCV/Cp nucleotide sequence (current study) with four TYLCV sequences published in the GenBank. Sequence comparison showed that TYLCV/Cp of the current study had sequence homology of about 98% with other TYLCV isolates (Fig. 5 A&B) . TYLCV-CP was found to display 95.6 % sequence homology with EF107520 (TYLCV-Nob) reported by Abdallah et al. (2000) , 92.4 % with AY594174 (TYLCV-Egyptian isolate) reported by Abhary et al. (2006) , 88.7 % with FJ030876 (TYLCV -H11) reported by Abdel-Salam & Rehman (2008) , 90.0 % with EU635776 (TYLCV Iranian isolate) reported by Fazeli et al. (2009) . Multiple sequencing alignments were generated using (DNAMAN V 5.2.9 package, Madison, Wisconsin, USA). The homology tree of TYLCV-EG presented in Fig. 5B revealed high degree of similarity (~98%) to the other four isolates sequences of TYLCV.
To study the molecular characters of the isolated virus, purified TYLCV-DNA was used in PCR using degenerate oligonucleotide primers V324 (+) and C889 (-) as reported by Brown et al. (2001) . The size of the PCR product of coat protein gene (CP) amplified from naturally infected tomato plants was ~500 bp.
Non-radioactive DNA hybridization method using Digoxigenin-11-dUTPlabeled DNA probe, corresponding to TYLCV/CPs was used to detect TYLCV from infected samples. The Dig-labelled probe was capable of detecting TYLCV-DNA with different degrees of sensitivity. Partial nucleotide sequence (~360 nt) of TYLCV-CP-EG of the current study was aligned with other published CP sequences of TYLCV as shown in Fig. 5A . TYLCV-CP was found to display 95.6 % sequence homology with EF107520 (TYLCV-Nob) reported by Abdallah et al. (2000) , 92.4 % with AY594174 (TYLCV-Egyptian isolate) reported by Abhary et al. (2006) , 88.7 % with FJ030876 (TYLCV -H11) reported by Abdel-Salam & Rehman (2008) , 90.0 % with EU635776 (TYLCV Iranian isolate) reported by Fazeli et al (2009) . Multiple sequencing alignments were generated using (DNAMAN V 5.2.9 package, Madison, Wisconsin, USA). The homology tree of TYLCV-EG presented in Fig. 5B revealed high degree of similarity (~98%) to the other four isolates sequences of TYLCV.
The obtained results of biological and molecular study of TYLCV-EG (current isolate) showed some different characters from the other begomovirus strains reported. Further research should be done to identify the species of begomoviruses infecting the Egyptian tomatoes.
Identification through sequencing is necessary in order to map the diversity and evolution of begomoviruses and to understand the appearing of reemerging new isolates. 
